Phomosine A is an antifungal biaryl ether produced in large amounts by different strains of fungal Phomopsis endophytes. In this paper, the functional groups of the natural product are systematically transformed into derivatives to probe their effect on biological activity. Acetylation of the three phenolic hydroxyl groups of phomosine A (1) produced the acetates 2a-c and revealed their relative chemical reactivity to increase in the following order: 3'-OH < 6-OH < 4-OH. Allylation of 1 using silver (I) oxide as the mediator afforded the three O-and C-4 -allyl ethers 3a-c in addition to the diallyl ether 4a. Under basic conditions the tri-O-allyl derivate 4b was produced. The aldehyde group of 1 and 2a and 2b was transformed into the oximes or oxime ethers 5, 6a-d, 7, and 8a-c by reaction with hydroxylamine followed by subsequent alkylation or by reaction with methoxyhydroxylamines. The hydrazones 9a and 9b and imines 9c and 9d were prepared by similar reactions. Borohydride reduction of 1 and the diacetate 2b produced the benzyl alcohols 10a and 10b respectively. The latter compound viz., 10b was converted into the benzyl ethers 11a and 11b. Interestingly, in the triacetate 2a, the aldehyde group was reduced into a methyl group in the products 12a-d. All the derived products were biologically active against test organisms for antibacterial, antifungal and antialgal activities.
Introduction
Phomopsis species are particularly productive in the synthesis of large arrays of structurally diverse secondary metabolites. 1, 2 We recently reported the isolation of phomosine A (1) (Scheme Since the diacetate 2b was available by our earlier selective acetylation, we also prepared the oxime diacetate 6a under the same conditions without saponification of the two acetate groups under the mildly acidic conditions employed. Interestingly, the same product viz., 6a was reproducibly obtained by reaction of the triacetate 2a with hydroxylamine hydrochloride under the same conditions. Evidently, the vicinal phenolic acetic ester group was cleaved by neighboring group participation of the formed oxime.
Two different methods are in principle available for the preparation of the oxime ethers viz., a) alkylation of the oxime hydroxyl group and b) reaction of the aldehyde with hydroxylamine ethers. Both methods proved to be successful in our hands. Methylation of the oxime diacetate 6a with methyl iodide and silver (I) oxide as the mediator gave the oxime methyl ether 6b in which the free hydroxyl group at C-3′ was also methylated (Scheme 3). Similar reactions were also realized with ethyl iodide and benzyl bromide which afforded the ethyl and benzyl ethers 6c and 6d respectively. In the latter reaction with benzyl bromide, the C-4′ benzylated product 7 was also formed similarly found for the allylation reactions (Scheme 3). An alternative route to the oxime methyl ether 8a was realized in the conversion of phomosine A (1) by reaction with O-methylhydroxylamine in ethanol. Similar conversions were effected by treatment of the diacetate 2b and triacetate 2a under similar conditions to afford the corresponding hydroxylamine methyl ethers 8b and 8c respectively (Scheme 3).
The last transformations with the unchanged oxidation state of the aldehyde involved preparation of hydrazones and imines. Reaction of aldehyde 1 with methyl hydrazine carboxylate in ethanol afforded the corresponding hydrazone carboxylate 9a. A similar conversion was realized by treatment of 1 with 1,1-dimethyl hydrazine to yield the dimethyl hydrazone 9b.
Scheme 4. Conversion of 1 into the hydrazones 9a,b and imines 9c,d.
The related imines 9c and 9d were obtained by reaction of 1 with either 1-propylamine or benzylamine. Since all these reactions were thermodynamically controlled, the more stable trans hydrazones and imines were expected to be formed (Scheme 4).
Finally, in the last experiments, the oxidation state of the aldehyde group was changed by reduction. As expected, reduction of the parent aldehyde phomosine A (1) was straightforward to afford the benzyl alcohol 10a in quantitative yield. Similarly, the reduction of the 4,6-diacetate 2b furnished the bis-acetylated benzyl alcohol 10b. Next, the selective protection of the two hydroxyl groups in 10b viz., benzylic and phenolic was exploited. Thus treatment of 10b with benzyl bromide in the presence of silver (I) oxide produced the 3′-monobenzylated benzyl alcohol 11a in 72% yield. The selective benzylation of the phenolic group was unambiguously proven by NMR analysis and comparison with authentic isomeric benzyl ethers. 2 The chemical shift of the carbon atom in the free benzyloxy showed the typical value of 54.7 ppm in the 13 C NMR spectrum, whereas the isomeric benzyl ether had lower field values around 63-64 ppm. 2 The final conversion of this molecule involved Zemplen deacetylation of 11a with NaOMe in methanol which produced the trihydroxy analogue 11b (Scheme 5). Quite surprising results were obtained in the borohydride reduction of the triacetate 2a. In this instance four different products 12a-d were isolated from the reaction mixture. In contrast to the reduction of the aldehyde group of phomosine A (1) and its 4,6-diacetate 2b, the aldehyde group of the triacetylated phomosine A (2a) was fully reduced to a methyl group. The mixture of phenols 12b-d presumably resulted from partial saponification of the initially formed triacetate 12a (Scheme 5). Assignments for 12b, 12c and 12d was based on the δ values for the 2-OH and 3'-OH as compared to the literature. 
Biological Activity
The substances were tested in an agar diffusion assay for antimicrobial activity. As displayed in Table 1 , all of the tested substances were moderately biologically active against all of the test organisms viz., antifungal against Microbotryum violaceum, antibacterial against the gram negative bacterium Escherichia coli as well as the gram positive bacterium Bacillus megaterium, and antialgal against Chlorella fusca. However, none of the derivatives was as active as phomosine A (1).
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Experimental Section General Procedures. Melting points were determined with a Gallenkamp melting point apparatus. The IR spectra were recorded with a Nicolet-510P spectrometer. NMR spectra were recorded with a Bruker Avance-500 NMR spectrometer with TMS as internal standard. Assignment of NMR signals are based on the 2D spectra. EI mass spectra were obtained with a Thermo Finnigan MAT 8200 mass spectrometer. General procedure for phomosine A derivatives: 3′,4,6-Triacetylphomosine A (2a): A solution of phomosine A (1) (100 mg; 0.29 mmol) in acetic anhydride (4 ml) and pyridine (1 ml) was stirred for 2 h at 25° C. Iced water (50 ml) was then added and the solution was stirred for 30 min. A white precipitate was formed which was filtered off and washed with water to afford the triacetate as white crystals (136 mg, 100%), m.p. 
Allylation of phomosine A (1):
A solution of phomosine A (1) (100 mg; 0.29 mmol) in diethyl ether (10 ml) was treated with allyl bromide (350 mg; 2.9 mmol; 0.251 ml) and argentous oxide (673 mg; 2.9 mmol) and stirred until the starting material was consumed (TLC monitoring). The suspension was filtered, the solvent removed under reduced pressure, and the residue obtained by evaporation of solvent was carefully chromatographed and eluted with n-hexane-EtOAc (7:1) to afford the following order of products: 6 ).
4,6-Diacetyl phomosine A oxime (6a):
Method A: A solution of triacetyl-phomosine A (2a) (26 mg; 0.055 mmol) in ethanol (4 ml) was treated with hydroxylamine hydrochloride (10 mg; 0.14 mmol) and the slightly yellow solution was stirred and monitored by TLC until all starting material was consumed (6 h). Evaporation of the solution afforded the diacetyl phomosine A oxime (2b) (26 mg; 97%) as white feathery crystals.
Method B:
A solution of 4,6-diacetyl phomosine A (2b) (43 mg; 0.10 mmol) in ethanol (4 ml) was treated with hydroxylamine hydrochloride (10 mg; 0.14 mmol) and the milky solution was stirred for 6 h after which time it became clear and the reaction was complete (TLC monitoring). Evaporation of the solvent afforded the same oxime 6a derived from the triacetate described vide infra as a white solid (50 mg; 100%), m.p. 210-211° C (from EtOAc-hexane) and all spectral data are identical with the material synthesized above. NO 9 ) . N-Methoxyphomosine A imine (8a): To a solution of phomosine A (1) (100 mg; 0.29 mmol) in EtOH (4 ml) was added methoxyamine (29 mg; 0.35 mmol). The solution became clearer during the stirring and later a dense white precipitate formed. After 3 h the solvent was removed and the residue taken up in DCM and washed with water. The solvent was removed under reduced pressure to give a final product, which was purified using chromatography, and the eluent EtOAc-hexane (3:7) 
4,6-Diacetyl-N-methoxyphomosine A imine (8b):
To a warmed solution of 4,6-diacetylphomosine (2b) (95 mg; 0.22 mmol) in EtOH (5 ml) was added methoxyamine (28 mg; 0.33 mmol); after stirring 1 min a white crystalline mass formed. After 0.5 h the reaction mixture was evaporated under reduced pressure to a solid mass which was dissolved in DCM (50 ml) and washed with water. The solution was dried (Na 2 SO 4 ), evaporated under reduced pressure to afford the methoxyimine (102 mg; 100%) as white needles, m.p. Agar Diffusion Assay for Biological Activity. The substances were dissolved in acetone at a concentration of 2 mg/mL. Twenty-five microliters of the solutions (25 µg) was pipetted onto a sterile filter disk (Schleicher & Schuell, 9 mm), which was placed onto an appropriate agar growth medium for the respective test organism and subsequently sprayed with a suspension of the test organism. 9 The test organisms were the Gram-positive bacterium Bacillus megaterium and the Gram-negative bacterium Escherichia coli (both grown on NB medium), the fungus Microbotryum violaceum and the alga Chlorella fusca (both grown on MPY medium). Reference substances were penicillin, nystatin, actidione, and tetracycline. Commencing at the middle of the filter disk, the radius of the zone of inhibition was measured in millimeters. These microorganisms were chosen because (a) they are nonpathogenic and (b) they had in the past proved to be accurate initial test organisms for antibacterial, antifungal, and antialgal/herbicidal activities.
